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ABSTRACT

The small mammal population of a restricted study area was
live-trapped on the University farm at Western Kentucky
University from November 1984 through November 1985.

A total of

1800 trap-nights yielded 81 different individuals representing
five species.

Members of the genera lgsomyscuz and rick2tus were

the dominant individuals representing over 90% of the total.
Also caught were Mus musculus and Blarina brevicauda.

The

members of the two major genera were examined for population size
and dynamics.

In addition, a statistical analysis was carried

out on the randomness of the location of the home ranges.

This

analysis gave evidence that the Peromyseus population was
centered primarily in the ecotone between field and forest while
Microtus was centered exclusively in the field habitat.

In

addition, the absence or near absence of Microtus for part of the
year allowed the peromyscuQ population to expand into the field
for a short time.

Finally, the year long study revealed a

characteristic population cycle for each major species due to a
combination of reproductive rates, feeding habits and decimation
by predation.

viii

INTRODUCTION

Studies of small mammal populations in their natural
settings have been carried out since the 1930's (Aldous 1932).
The original method for conducting such studies was to set a
number of traps in an area for

short periods of time in order to

obtain data on the presence or absence of certain species.
Variations on this theme were developed over the years.

These

variations included such methods as indirect observations on the
populations present and searches for physical signs that a
certain animal was present in the region.

An example of physical

signs might have included animals killed on the road overnight.
Another variation was to use the data of third parties to
accumulate information on the activity and relative abundance of
a specific species.
A second method for studying the small mammal population was
developed by Blair (1940, 1941) and Stickel (1946).

This method

involved using a series of live traps to capture individuals,
record observations and then return small mammals to their
environment.

This method had the important advantage of

including the first

data on territories and home ranges.

In

addition, by extending this study over a period of time, one
could include data on movements and migrations.

Such questions

as differences between the territories of males and females or
between juveniles and adults could now be approached
scientifically.
The third major development in the field of studies cn small
mammal populations occurred in the 1960's with the rebirth of
1
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interest in the field of ecology. Interest was placed on
relationships between the various components of the ecosystems
and included plant-animal interactions in feeding or
reproduction.

In addition, the presence of one species was used

to help explain the condition of another.

This development was a

radical advancement in the total information it attempted to
convey as opposed to the first two methods already outlined.
This method

depended on these first two methods of study being

applied to a region before this last method could be used.

Thus,

while the current field investigations of small mammal
populations have concentrated on home range and population
density data, the need still remains for the pioneer work to be
conducted in unstudied ecosystems.
Intense work has been done in many regions, including
Michigan, New York, and California, but there is a sparsity of
data from other regions, especially the Tennessee and Ohio River
regions.

Nonetheless, work to date has shown on a broad scale

that each area varies in its particular combination of fauna and
flora.

Few population studies in south-central Kentucky have

been done in the past.

Such studies have usually been limited to

short duration, intense trapping of a species (Goodpastor 1952,
Barbour 1952).
The present field investigation covered a one-year period
and used the trapping-retrapping technique was used tc derive
preliminary data on home range size and on population density of
small mammal populations in Warren County, Kentucky.

Important

for this project was the investigation on the mcvements of the
individual animals in terms of any migrations or other movements

3

within their immediate geographical locality and into different
nearby localities.

Analysis for fluctuations through time and

for any perturbations, natural or man-produced, was a prime
target.

OBJECTIVES

There were three major goals for this study: (1) It was
planned to determine the species composition and numbers of the
small mammal population in the selected area.

(2) An attempt was

made to determine the affects of environmental changes through
time on this population.

(3) Using this data, the reletive size

of the home range for the different species, sexes, and age
groups could be calculated.

STUDY AREA

The study area selected for this project was the Western
Kentucky University farm located two miles south of Bowling
Green, Kentucky, off Highway 68/80. The portion of the farm
chosen for this experiment lies partially in an abandoned field
and partially in a small stand of woods in various stages of
ecological succession.
This site was chosen for a number of reasons.

It was easily

accessible, and within this relatively compact area a diverse
flora was found.

Thus, an experiment could be conducted within

the framework of a single plot that could include multiple
opportunities for observing

the small mammal species and plant

species found throughout the region.

Since the area is owned by

Western Kentucky University, one could reasonably expect that a
long term experiment could proceed unimpeded.

This was

especially important in a small mammal study where it was
essential to leave the habitat undisturbed.
The procedure followed to determine the flora composition in
this region was as follows.

Six horizontal rows were mapped out

over the selected region with the rows arranged into three groups
of two rows each.

Within each group the two rows were separated

by twelve meters, and between the groups the rows were separated
by twenty-four meters.
in an
briars.

The lines comprising Group I were placed

abandoned field. Flora consisted mainly of grasses and
The ground cover predominantly consisted of Bidenz, the

Spanish needles; Rhubu., the wild rose; and LuPatorium, the mist
flower.

Many trees had developed to the seedling/sapling stage.

5
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TABLE 1: FLORA PRESENT IN 1985 IN STUDY AREA

PLANT
1.Acer vibruip
2.Sassafrass albidum
3.Polygonum tk.:
4.Bidens Ea.
5.Soildaqo ap
6.Ambrosia Llientata
7.Rhubus Ea.
8.Andropogon az
9.Fupatorium coelestinum
10.cornus florida
11.Juniperus virginiana
12.Rhus EE
:
13.Fraximus az
14.Prisiman az
15.01mus t11.1.
16.Panicum sp.
17.Impatiens sp.
18.Ulmus rubr4.
19.Clemat5s virqiniana
20.Gleditsia tricanthos
21.Lrectites bieracito.11
22.0enothera biennis
23.Lonicera japonica
24.Pinus taeda
25.Asrlenium platyneuron
26.Acer nequn o
27.Quercus michaux11
28.Quercus imbricaria
29.Quercus steilata
30.Rhus clagri31.Liquistrum vulgare
32.Cornus ammomum
33.S mphoricarpus orbiculatus
34.E eaphantopus carol)nlanus
35.Ce1tis occidentalis
36.Asparaqus officinale
37.Vitis Ea.
38.Pinus f;trobus

FIELD

WHERE FOUND
ECOTONE

X
X
X
X
X
X
Y

FOREST

X

X

X
X

x

X

X
X
X

X
X
X
X

x
x
X
X
X
X
X
X
X
X
X
X

X
X
X

X
X
X
X
X
X
X
X
X
X

X

X
X
X
X
X

X
X
Y
X
X
X
X

The oldest tree in this plot, probably around fifteen years, was
Rhus, the winged sumac, and it was already producing seed.
Ecologically, this area was classified as an early-intermediate
successional stage.

The land was relatively level, and one end

was marshy except for the driest time of the summer, June-July.
In the marshy area a small stream traversed the second row when
the area received heavy rain.

The lines comprising Group II were

placed in the ecotone between the field and the forest.
here varied as one progressed through the area.

Flora

On one side was

found mostly vines and brambles around a few young evergreen
trees, while on the other side the evergreens gave way to the
deciduous trees.

The predominant overstory plants were Quercus,

the oaks, and Pinus taeda, the loblolly pine.

The understory

consisted of mostly young trees including AceL negundo, box
elder; several species of nius, the sumac; and Cornua

ammamuz,

the swamp dogwood. The soil was covered with a thick layer of
fallen leaves and needles from the trees.

Also present were a

number of fallen trees in various stages of decay.

Group III was

found in the forest. Ecologically, this forest was not in the
climax state.

The area had once been cultivated, as revealed by

the large numbers of domesticated plants present.

Included were

Asparagus officinale, the wild asparagus, and Vitis, the wild
grapevine. Other native vegetation consisted primarily of
deciduous trees such as 5assafrasa spp., the sassafrass tree and
Quercus spp., the oaks and evergreens such as pinus strobus, the
white pine.

In one section, there were no trees, and a small

stand of succulent herbs had grown up, mostly
jewelweed.

impatiens sp., the

A number of representatives from various faunal groups were
found as expected.
represented.

The insects and spiders were well

The area contained many birds, including at least

two Accipiter cooperii, the Cooper's hawk.

Evidence of larger

mammals included sightings of ajvilagus floridanus, the Eastern
Cottontail Rabbit, at least one Vulpes vulpes, the Red Fox, and
signs of Odocoileus virginianus, the White-tailed Deer.
The topography was level with no hills or large depressions.
Numerous gullies were found in the field, and they could be
attributed to a combination of man made depressions accentuated
by accelerated erosion.

The boundary of the Green River Parkway

was located twelve meters from the corner of the first line row
of Area I.

This could have had the effect of limiting or at

least channeling the movement of animal life.

Also present was a

large field on the other end of the same row that was mowed
during the summer months.

METHODS AND MATERIALS

The methods and materials used in this project consisted of
two distinct steps: the procedure used in trapping the mammals
and the information gathered from each animal.

Both points will

be discussed in detail.
The trapping area was set up as a grid of six rows of ten
traps each.

Each trap within the row was separated from others

by an average of twelve meters.

This distance was paced out and

then checked with a tape measure.
three groups of two rows each.

The rows were arranged to

Each row within the group was

separated by twelve meters and each group was separated by
twenty-four meters.

Within this framework each trap was placed

near its appointed grid spot.

Individual trap placement was an

attempt at a compromise between accessability, correct grid spot,
and an attempt to select a favorable location for each trap.
Once placed, the traps were not moved from this location for the
entire course of the experiment.
The traps that were employed in this experiment had the
dimensions eight centimeters X eight centimeters X twenty-five
centimeters.

There were two types, the live box traps issued by

Tomahawk, Inc. and the live cage traps issued by Havahart, Inc.
Originally, thirty traps of each type were employed and placed in
an alternating manner within the grid pattern.

However, the

Tomahawk traps were much better traps for reasons detailed later,
and the Havahart traps were replaced within a few months so that
only when a trap was damaged or missing was a Havahatt trap used.
The traps were baited with a mixture of peanut butter and
9
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oatmeal.

The bait was replaced each time the trap was reset.

The trapping procedure consisted of checking the grid of
traps for a sequence of three consecutive nights.

The sequence

was repeated every three to four weeks over twelve months, except
during the hottest months of the summer when the sequence was
repeated every four to five weeks. Each time a mammal was
captured a number of salient facts about it were recorded.
Included among these was the location of capture, the species
captured, sex, relative age (juvenile pelage or adult pelage),
reproductive state (testes descended, pregnant females, etc), and
finally its ear was tagged for identification in future captures.
The marking pattern consisted of a series of one to three holes
punched in either ear in a pattern unique to that animal.

Each

mammal was then released at the same locality where it was
originally captured.

The trap was then reset unless this was the

final night of the sequence.
During the course of the study a number of small variations
was used, especially during the hottest months in an attempt to
lower the casualty rates.

The most important of these variations

was to set off all the traps in the morning and then rebait them
all in the latter part of the afternoon.

By

this procedure, it

was hoped to avoid having any mammal spend an afternoon in the
hot metal cage where death was all but certain. However, this
meant that any mammals active during the afternoon would not be
recorded by capture.

Another variation was that during the

winter months, the traps were only rebaited if the trap was
without bait.

The insects were absent at this time of year and

the bait was not affected by the cold as it was by the heat (i.e.

11

the food balls tended to melt a little and lose their form,
spilling off the trap plate),

RESULTS AND DISCUSSION

The trapping period ran for ten months, excluding the final
trap-out period of saturation trapping.
a total of 1800 trap nights.

In this period there was

Over the course of this project

members of at least five different species were caught:
Peromxlscus leucopus, Peromyscus maniculatus, Mus musculus,
Microtus ochrociaster, and Blarina brevicauda.

In this study,

Peromyscus maniculatus and Peromyscus leucopus will be jointly
considered as Peromyscus.

In the literature, the main criteria

for separating these species is by tail length, which is a very
indefinite method at best for distinguishing one particular
individual from either P.
and Davis 1974).

leucopus or P. maniculatus (Barbour

Also, substantial numbers of individuals

captured were juvenile, and distinguishing between these two
species in the field was very difficult.

Any individual that was

dead when examined was brought into the laboratory for positive
identification.

Another simplification in this study was that

all voles were considered to be Mictrotus ochrogaster.

The

adults were positively identified as M. ochrogaster for most
individuals.

However, a number of the adults and all the

juveniles were not positively identified as this species, but as
either M. ochrogaster or as M. pinetorum.

The basis for

distinguishing these two was the pelage of the adult, and this
criterion was not clear for these individuals or for the
juveniles (Barbour and Davis 1974).
The most abundant small mammal found during the trapping
period was Peromyscus.

Peromyscus leucopus and Peromyscus
1?
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maniculatus are both known as the deer mouse and are common in
the west and in the miewest, including most of Kentucky and
Tennessee.

A number of extensive studies have been conducted on

these species (Howard 1951, Sealander 1952, Jameson 1952, Miller
and Getz 1977, Kritzman 1974, and Martin 1973). the usual
habitats of this animal include "woodlands with plenty of cover
provided by brush piles, fallen logs, and boulders" (Barbour
1974) and coniferous woodlands (Jameson 1952).

These animals are

generally nocturnal, and so direct observations of them were not
undertaken in this study.
The mammals that ranked second in abundance on the plot were
the voles, Microtus ochrogaster and Microtus pinetorum.

These

two species are known as the prairie vole and the pine vole,
respectively.

Microtus ochrogaster is common in the midwest,

including central and western Kentucky.

Microtus

pinetorum is

found predominantly east of the Rocky Mountains, including all of
Kentucky.

The usual habitats for the vole range from woodland to

grassland, wherever there is adequate cover, friable soil, and an
adequate food supply (Barbour 1974).

As before, a variety of

studies have been conducted on these mammals (Getz 1970, Bayne
1950, Getz 1961, and Tanaka 1951).
The other two species caught, MIS IDLISCLI1US and aiallnA
brevicauda, were each recorded in traps only twice.
is known as the house mouse.

Mus musculus

Found nationwide, in Kentucky it

has been recorded in weed fields, marshland, and grass-lined
streams (Barbour 1974).

In this study, both trappings were in a

weed field during the month of December.
known as the short-tailed shrew.

B2arin4 brevicaud

Found all over the eastern

is

llt

United States, this small animal prefers moist forest (Barbour
1974).
forest.

In this study, both trappings were in November in the

POPULATION

An extended trapping project such as this can give some
indications on several points such as yearly cycles in population
numbers and their interrelationships among different species.
Without using any data, one could predict the general cycle
a small mammal such as Peromyscus or Microtus should follow over
the course of a year.

The population should reach a low in the

winter when food is scarce and weather conditions are harsh.
Further, the mammals should be concentrated in the
microhabitat(s) optimal for that species in that particular
locality.

With spring and the increasing temperature and food

supply, the population should rapidly expand and the mammal
should now also be found in minimal microhabitats.

As summer

comes, the population should level off and possibly slowly
decline in response to increased immigration in the numbers of
members of predator species in response to the increasing food
supply.

As the winter again approaches and the food supply falls

off, the population size should contract into the regions of
optimal habitat.

Such cycles for small mammals have been

reported by others (Jameson 1952, Fitch 1954).

However when

using the capture/recapture method where the bait is a mixture of
oats and peanut butter, there is generally a drastic fall off in
captures of Peromyscus during the hot summer months.

This is

believed to be due to a change in the diet of Eg.romyscus at this
time when the mammal is partly insectivorous (Fitch 1954).
Microtue is not insectivorous; thus no such fall off should be
15
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expected at this time.
In this project, the mammals were collected over an extended
period of time.

In looking at the population, two major points

could be examined: how many individuals were recorded at a
specific time, and where those individuals were recorded.

In

Figure 1 the number of individuals caught each month are graphed
for Microtus and Peromvscus.

Ignoring minor fluctuations in

numbers, it seems that each individual species has a pattern
characteristic of that reported in the literature.

The number of

Peromvscus caught each month stays rather constant throughout the
winter months before registering a sharp increase in the spring.
The population then remains fairly level until the summer when
the number caught falls off dramatically until winter when the
number slowly rises again.

This characteristic pattern agrees

with the earlier studies mentioned.

The sharp increase is

probably due to the increased activity of the members present at
this time and an increase in reproductive rates.

The summer drop

off is probably due to a change in diet as Peromyscus becomes
insectivorous.

The winter increase is not due to any population

increase but probably reflects a change in diet as the animal
returns to its earlier feeding habits as insects are no longer
abundant.
The apparent population cycle for Microtus is different.
The original population when the study began was very depressed
in numbers.

A number of theories can be used to explain this but

none can be substantiated by facts.

It was not shown

conclusively that the voles were present at the start of the
study.

If the population was there, it could nave been depressed

17

Figure 3. Graph showing numbers of inclividus caught of Peromyscus
and ricrotug each month, November 1984 to November 1985.
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for any of a number of reasons.

The prolonged dry spell that had

affected the region in the previous year could have devastated
the population of Microtus, which is isolated jr the field where
water would not be retained very well.

Perhaps the predatory

bird population had just undergone an increase such that the
isolated Microtus population had crashed.

On the other hand, the

population of Microtus could have been absent from the plot at
the beginning of the study for a number of reasons.

The study

area was once a cultivated field and had only been allowed to
recover naturally for ten to fitLeen years.

While under

cultivation, it is possible that the Microtus population in this
isolated region could have been eliminated.

Since man has

abandoned the field, the various plants and animals have been
reestablishing themselves.

Taking into account the isolated

nature of the study area, it is possible that the Microtus
population has only now managed to reestablish itself in this
region.
A second question that can be asked concerns the effect one
of these populations may have had on the other.

Figure 2 shows

the number of captures of Peromyscus in Areas I, II, and III.
This figure shows basic differences in the population cycle
between the three areas.

Area I shows a distinct peak in the

spring followed by a dramatic fall in the number of captures in
the Peromyscus population.

This drop is more than a drop

attributable to reasons outlined earlier but is rather an almost
complete crash in the population.

Area III shows no such spring

peak, but rathet an early summer peak with a decline in the late
summer.

Area IT shows a combination of both these patterns with

19

Figure 2.

(rap)- showing nunbers of peromyscus caught in Groups I,
:7, ere III between November 1964 and November 1965.
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two peaks- a spring peak and an early summer peak.
The number of captures of Peromyscus in Area I shows a
distinct fall off in the spring months.

As a possible

explanation for this drop, one could compare the population cycle
for Feromyscus in this area with one fcr Microti!s in the same
area at the same time.

This comparison is done in Figure 3.

The

most obvious information derived from this figure is that the two
curves are almost mirror images of each other; the peak for
Microtus coincides with the trough fo- Peromvscus.

A basic tenet

of ecology is that only one species can occupy a given niche
within the same place at a time.

Apparently, there may be an

overlap between the niches these two species occupy in the field.
Perhaps the field is optimal for Microtus and marginal for
Feromyscus.

The Peromvscus population may only thrive in the

field when the Microtus population is absent.

Therefore, for any

of a number of reasonE, at the start of the study the ,Microtus
population was depressed.

At this time the Peromyscua population

was able to expand into this region quickly because of the nearby
population present in Areas IT and III.

However, as soon as the

Microtus population (re)established itself, the Peromyscuq
population was no longer found in any quantity in Area I.

As

further support for this idea, during the final saturation
trapping period in which all captuied animals were removed from
the population, a number of peromvscus were once again recorded
in Area I.

23.

Figure 3.

Graph showing comparison of numbers of Peromyscus and
FictotuE, caugYt ir Croup 7 between Fovember 1964 and
roverter 1965.
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PEROMYSCUS POPULATION SIZE

One of the original goals of this project was to obtain an
estimate on the actual size of the population of small mammals
inhabiting this region.

Three methods were used in this study to

estimate the population: the graphic method (Hayne 1949), the
Peterson-Lincoln Index (Lincoln 1930), and the straight-line
theoretical formula (Hayne 1949).
The first method is the graphic method.

It is the easiest

to perform and the estimate is probably the lr!ast accurate.

This

method requires a saturation trapping of a quadrant for a minimum
of three consecutive nights.

This was done in the study area at

the conclusion of the trapping period.

The method consists of

plotting the catch per night on the vertical axis against the
total number previously removed from the population on the
horizontal axis.

The intercept with the horizontal axis is the

estimate of the total population (Cockrum 1962).

According to

the data collected from the saturation trapping, the apparent
population at the time of this trapping in November was estimated
at 24.68 no./ha. (see Figure 4).
There are several weaknesses with this method.

First, it

assumes that trapping conditions are identical for all three
nights and that the traps are randomly placed, giving an equal
chance for each individual to encounter the trap.

Second, it

assumes that the total population is fixed, i.e., that there is
no emmigration/immmigration or births/deaths.

However, it has

been demonstrated that once an individual has been removed from a
population, other individuals tend to move into the area left
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Figure 4.

Graphic Method of determining population size for
peromyscus, November 1985.

Grapt is plot of number of

individuals caught per night against the total number
previously removed from the study area.
the estimate for the total polulation.

The X-intercept is

10

12

14

18

18

Total Number Previously Removed

20
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vacant (Stickel 1946, 1954).
The second method is the Peterson-Lincoln Index.
method uses capture-recapture data.

This

The Index is based on the

ratio P:S::M:R (P is to S as M is to R) where P is the population
size, S is the size of a given sample, R is the number of
recaptures in the sample, and M is the total number of marked
individuals that have been released into the area (Lincoln 1930).
Rearranging this ratio gives P = S*;M/R).

Using the data from

this project, Table 2 contains the estimates obtained for
population size.

Figure 5 graphs these estimates to show changes

between trapping sessions.

The first two months comprised the

period in which an initial pool of animals was marked.

The

results of this method seem to indicate a population of
Peromyscus of about 20 no./ha. at any time.

This figure seems to

remain fairly constant throughout the trapping period and is of
simiJar magnitude to the estimate obtained by the graphic method.
The third method is the straight-line theoretical method
developed by Haynes in 1949.

This method involves obtaining a

best-fit line for the graph plotting the total number of animals
marked (X) against the ratio of marked animals recaptured (Y).
This method was developed for a limited trapping session
consisting of three to ten consecutive nights.

However, this

project consisted of a series of trapping sessions, each with
three consecutive trapping nights, followed by a period cf
several weeks in which no trapping was conducted.

This theory

has several underlying assumptions including a stable population
size and an equal probability for catching any individual among
the randomly placed traps.

However, there are a number of
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TABLE 2: FEROMYSCUS POPULATION ESTIMATES USING
COMPUTATION OF PETERSON INDEX WITH FORMULA P=S*(M/R)
trapping date
12/3
12/23
12/24
12/25
2/8
2/9
2/10
3/13
3/14
3/15
4/14

population size
4.5
12.0
9.0
21.0
11.0
11.0
33.0
20.0
18.7
16.0
16.0

trapping date
4/5
4/6
5/8
5/9
5/10
6/8
6/9
6/10
7/7
7/8
7/9

AVERAGE: 17.18 ind./study area
or 20.43 no./ha.

pop size
16.0
16.0
16.0
16.0
18.0
18.7
20.0
16.9
16.0
16.0
14.0
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Figure 5.

Peterson-Lincoln Index for population on of Peromyscus.
Graph of estimate of PeromyscuE popu3ation against time of
trapping session between rovember 1984 and July 1985.
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problems with these assumptions.

For one, no non-isolated

population of living organisms will remain absolutely stable for
even a short term and especially not for a moderate length
project such as this one.

From the number of immature

individuals captured and from the number of dead individuals
removed, it was known that this was a dynamic population.

In

addition, there seemed to be a number of individuals that moved
about, into and out of the study area.

Each of these problems

reduces the accuracy of the estimate obtained by this theory.
One deviation from the theory proposed by Hayne was used in
This change was an attempt to compensate fot the

this study.

problem of migrants and the problem of death during the course of
this study.
once.

Migrants were those individuals who were caught only

It was assumed that these individuals were either simply

moving through the trapping area or that they were chased out of
the area.

The problem with death is two-fold.

First, the theory

attempts to use all the capture/recapture data in an attempt to
arrive at a single estimate for the population size.

However,

when an animal dies, there is no way to account in the theory for
removing the animal from the count.

Second, the theory assumes a

stable population; when an animal dies it is probably replaced by
another individual.

However, the theory now counts both of these

individuals as part of its stable population.

In short, direct

application of this theory tends to overestimate the population
because it counts each migrant that moves through the region and
because it fails to compensate for death during the trapping
period.
An attempt to correct for these two shortcomings was made in
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this project.

Any individual caught only once was excluded from

the calculations.

However, this method by itself would tend to

overcompensate because it would exclude all migrants from the
total.

In regard to death in the course of the study, two

compensations were made.

First, any time an animal was found

dead, it was removed from further computations at that point.
Second, as soon as a new individual was caught, even after the
initial marking period, it was included in the population total.
The final population figure obtained was thus an estimate for the
average population over the entire year.

It should then be

higher than the graphic method which gave an estimate for the
November population and it should be higher than the Peterson
Index which was derived mainly from data in the late spring and
summer.

Table 3 shows the data collected from this study.

Figure 6 graphs these points.

The Haynes method uses the

calculation of the slope from the best-fit line using the method
of least squares (DeGroot 1974, Freedman 1978).

The population

size for the study area estimated using this method was 34.0
no./ha.

Using the straight theory without any modifications, one

obtains an estimate of 125.7 no./ha.
In short, three methods were used to estimate the population
size.

In the first method, saturation trapping over a three day

period estimated a population of 24.68 no./ha. Peromyscus.
test was conducted in November.

This

In the second method, the

Peterson-Lincoln Index was used to estimate the population for
each trapping period.

These results were then averaged to get an

overall estmate of 20.43 no./ha. for the trapping period.

In the

third method, a modified version of the method of least squares
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TABLE 3: DAILY RESULTS OF TRAPPING PEROMYSCUS
date
12/2
12/74
12/23
12/24
12/25
2/8
2/9
2/10
3/13
3/14
3/15
4/4
4/5
4/6
5/8
5/9
5/10
I* I

unmarked
3
1
2
1
4
0
0
2
2
2
0
0
0
0
0
0
1

recaptured
0
2
1
2
2
1
1
1*
3
6
9*
4
4
3
2
2*
5*

denotes animal found dead in trap

total
3
3
3
3
6
1
1
3
5
8
9
4
4
3
2
2
6

ratio(X)

0.67
0.50
0.33
0.43
0.36
0.45
0.54
0.62
0.73
0.88
0.88
0.88
0.88
0.88
1.00
1.00

total(X)
3
4
6
7
11
11
11
13
15
17
17
17
17
17
17
17
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to find the slcpe on a graph of recaptures versus the number of
individuals marked was used.

This method gave the highest

estimate of the three, an average of 34.01 no./ha. individuals in
the trapping period over the year.

POPULATION SIZE- MICROTUS

The number of recorded trappings of Microtus was also
sufficient to attempt estimates at population size.

However,

only two of the three methods used to escimate Peromvscus
population size could be used to estimate Microtus population
There was a major problem with the procedure that only

size.

became apparent in summer.

Microtus is apparently very

susceptable to heat when in metal cages.

Thus, during the trap

nights of June 1C and July 7, the heat proved deadly to the
mammal, and all individuals caught these nights died in the
Thus, most of the pool of marked animals was removed at

traps.
once.

The trap nights after these two nights resulted in very

few Microtus captures, and the population did not appear to
recover until August.

Even then, almost all individuals were

original captures and not recaptures.

In addition, as noted

previously, Microtus in any numbers were not captured until late
spring.

Thus, population estimates are based upon trapping

sessions conducted between April and June.
Two methods were used to estimate population size for
Microtus: the Peterson-Lincoln Index and the best-fit line
method.

Using the Peterson-Lincoln Index method for the trap

nights between May 8 and July 7 and averaging the results gives
an estimate of 16.61 no./ha. individuals (see Figure 6 and Table
31
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4).

Using the best-fit line method, the trapping interval being

considered was short enough so that the variations used to
estimate the population of Peromyscus were not used.

This method

estimates the population at 27.07 no./ha. (see Table 5).
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TABLE 4: MICROTUS POPULATION ESTIMATES USING
COMPUTATION OF PETERSON INDEX WITH FORMULA P=S*(M/R)
trapping date

population size

5/8
5/9
6/8
6/9
6/10
7/7

8.33
14.0
18.0
15.0
16.5
12.0

AVERAGE: 13.97 ind./study atea
or 16.48 no./ha..cj

TABLE 5: DAILY RESULTS OF TRAPPING MICROTUS
date
---12/25
3/15
4/4
4/5
4/6
5/8
5/9
5/10
6/8
6/9
6/10
7/7
I *

unmarked
1
1
1
2
0
2
2*
2*
1
1*
2**
0

recaptured

total

0
1
0
0
0
3*
2
0
1
2
4****
4***

' denotes animal found dead in trap

1
1
4
2
0
5
4
2
2
3
6
4

ratio(X)
1.00
0.50
0.33
0.20
0.60
0.71
0.71
0.75
0.75
0.78
0.76

total(X)
1
2
3
5
5
7
8
8
8
9
9
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Figure 6.

Peterson-Lincoln index for population of Sicrotus.

Graph

of estimate of Microtus population against time of trapping
session between Fovember 1984 and July 1985.

HOME RANGE

Several techniques have been developed for determining home
range (Bayne 1950, Powell 1954, Stickel 1954, and Shadowen 1963).
In this study two tactics were used to examine the data, the
exclusive boundary strip method and the center of activity.

The

exclusive boundary strip method was computed in order to gain a
rough approximation of the size of the home ranges for Microtus
and Peromyscus.

The center of activity was computed in order to

calculate statistically where the two species were found in the
study area.
In directly computing home ranges, a number of methods have
been developed over the years.

There have been five general

methods used by researchers: minimum area method, boundary strip
method, observed range length, adjusted range length, and the
radius method (Stickel 1954, Shadowen 1963).

The minimum area

method simply encloses the area in which the animal was found and
measures the resulting polygon (Stickel 1954).

The boundary

strip method refines this method by adjusting the border to
include one-half the distance between the peripheral trap and the
first trap in which the animal was not recorded (Burt 1940,
1943).

The observed range length is a linear record of the

greatest distances between captures while the adjusted range
length extends this linear record to include one-half the trap
distance beyond the perimeter.

The radius method used one of

these linear measurements as the diameter of a circle, the area
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of which is the home range of the animal.
As stated earlier, the boundary strip method
this study.

was used in

There are two variations of this procedure, the

inclusive boundary strip method and the exclusive boundary strip
method (Stickel 1954).

The difference between these two is in

the amount of area enclosed by the polygon.

The points of

capture are considered centers of rectangles. The inclusive
boundary strip method encloses the home range using the exterior
corners while the exclusive boundary strip method encloses the
home range using the interior corners (Stickel 1954).
In computing the home ranges by using the exclusive boundary
strip method, only those individuals that were caught three or
more times in separate traps were included.

Only Microtus and

Peromvscus were caught enough to meet this criterion.

Peromvscus

was further divided into males and females while Microtus was not
so divided due to a lack of females caught the required number of
times.

The results are given in Table 6.

The home range for

Peromyscus was determined to be 0.16+0.02 hectares (where 0.02 is
the standard error).

This compares to the home range of Microtus

which was computed to be 0.10+0.05 hectares.

Table 7 gives

previously computed values for the home ranges of Peromyscus and
Microtus.

In addition, earlier studies reported the computed

home range for male Peromvscus to be higher than the computed
home range for female Peromvscu% (Shadowen 1963, Hayne 1950).
However, in this study, there was no apparent difference in home
ranges between the two sexes.

For males the computed value was

C.16+0.08 acres while for females the computed value was
0.17+0.06 hectares.

•
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TABLE 6: COMPUTATION OF HOME RANGES BASED ON THREE+ CAPTURES
species

no.uf captures

Peromvscus (male)

home range(hectares)

4
5
3
5
4
6
6
3
4
4

0.14
0.28
0.09
0.25
0.24
0.35
0.04
0.04
0.12
0.08

3
7
7
5
3

0.18
0.25
0.18
0.22
0.13

4
5
4
4

0.09
0.04
0.07
0.17

result: 0.16 + 0.08 hectares
Peromvscus (female)

result: 0.17 + 0.06 hectares
Microtus (both sexes

result: 0.10 + 0.05 hectares

TABLE 7: PREVIOUSLY REPORTED VALUES FOR HOME RANGES (hectares)
Peromvscu sp.
0.11 ha. by Burt 1940
0.12 ha. by Howell 1954
0.45 ha. by Shadowen 1963
Microtua sp.
0.08 by Lansing 1941
0.06 by Grand Rapids Research 1941
0.03-0.09 by Tanaka 1951
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The center of activity is the geographic center of all
points of capture.

This center is a measure of the

trap-frequenting activity of the animal (Hayne 1949.

The

numbers representing this center cf activity were generated from
a variation of a graph of the trapping area.

In this case there

were ten columns and eight rows: the first two rows making up
Area I, the third row representing the blank area between Areas I
and II, and so on.

In this project, the center of activity will

be used for two purposes: to determine the apparent centers of
activity for both Microtus and Peromyscus and to test the
hypothesis that the distributions of these two species in the
trapping area were not due to random movement.

The first goal

was to determine the apparent centers of activity for both
Microtus and Peromyscus.

Figure 7 records the location of the

center of activity for each Peromyscus captured during the
trapping period.

From this graph there appears to be two areas

of concentration for Peromyscus.

The main band ranges from Row 4

up through Row 7 while the secondary branch centers around Row 1.
The centers of activity for each member of Microtus are shown in
Figure 8.

Microtus appears concentrated in Rows 1 and 2.

The second goal was to attempt to evaluate the randomness of
the distribution of the animals.

Members of Peromyscus were

caught a total of 106 times with 30 found in Area I, 40 in Area
II, and 36 found in Area III.

The hypothesis to be tested is

that these trappings were random in the study area.
shows the computation testing this hypothesis.

Table 8

The conclusion is

that the results are inconclusive as to whether this trapping is
random or not.

The same question can also be asked concerning
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Figure 7. Centers of Activities for Peromyscus duting Novembez 1984

and November 198E.

Figure S. Centers of Activities for Ficrotus during November 1984
and November 1985.

40

TABLF 8: TESTING RANDOMNESS OF LOCATIONS CF PEROMYSCUS
H.: The distribution is random
H,: The distribution is not random
area

II
Ill

no. of
traps
20
20
20

no. of
captures

average
captures/trap

3C
40
36

expected *
no. captures

1.5
2.0
1.8

'*' if distrioution is random
(observed - expected) = 1.434
Q =
expected
with 2 degrees of freedom
result (from statistical table):
.4 < p < .5
(where p is the probability that the null or H
the true distribution)

35.33
35.33
35.33

hypothesis is

Conclusion: evidence neither supports nor contradicts the
null hypothesis.
TABLE 9:TESTING RANDOMNESS OF LOCATIONS OF PICROTUS
B.: The distribution is random
H,: The distribution is not random
area
I
II
III

no. of
traps
20
20
20

no. of
captures
33
7
0

average
captures/trap
1.65
0.35
0.0

14
" if distribution is random
(observed -expected) = 45.361
=
expected
with 2 degrees of freedom
result (from statistical table):
p << .005
(where p is the probability that the null or H
the true distribution)

expected *
no. captures
13.33
13.33
13.33

hypothesis is

Conclusion: evidence very strongly rejects the null hypothesis.

•
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the randomness of the distribution of Microtus.
caught a total of 40 times.

Microtus were

Seven of these captures were in Area

II, none in Area III and 33 in area I.
computation testing the hypothesis.

Table 9 shows the

The conclusion is that this

distribution has a very high probability of not being random.
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